Emergency toxicology deals with the problems involved in the rapid presumptive diagnosis and treatment of suspected poisoning. 1±5 In my experience, the most frequent request by clinicians in poisoning cases is for identi®cation of the toxin. However, in the current era of ®scal restraint, rationalization in the contemporary toxicology laboratory dictates that more selective testing occur. This invariably involves employing simple analytical techniques to detect drugs, and testing for poisons other than drugs is largely ignored. 6±13 A comprehensive drug screen in the hands of experienced toxicologists will allow identi®cation of most drug classes, actual drugs and their characteristic metabolite patterns; recognized exceptions are a number of quaternary ammonium compounds (watersoluble, solvent-insoluble), such as the muscle relaxant pancuronium chloride, the 2 -agonist clonidine, various -adrenergic blockers (e.g. sotalol) and 2 -adrenergic agonists [e.g. salbutamol (albuterol) and terbutaline]. However, there are serious limitations when a comprehensive drug screen is used as the sole means of diagnosing poisoning, 14±17 since these screens rarely include poisons that are not drugs. 6, 9 If evaluation of the poisoned patient is restricted to a comprehensive drug screen, carbon monoxide (the principal single cause of death by poisoning in England and Wales in 1994 18 ) could go undetected in the absence of informed discussion between toxicologist and requesting clinician.
In reality, of course, the toxicologist may be screening for several poisons without recognizing this fact. The drug screen exclusivity occurs in a climate in which there is a decrease in the number of drug-relatedpoisonings and an increase in those caused by householdproducts. 19, 20 This occurs, for example, in children because of tamper-proof containers. In this group, many poison exposure cases involve non-pharmaceuticals, such as petroleum distillates, bleaches, detergents, camphor, camphor oil, mothballs, caustic soda, paints and painting chemicals (turpentine, paint stripper), rodent killer,¯uoride/iron tablets, alcohols (e.g. ethylene glycol and propanol), insecticides (e.g. from pet care chemicals), swimming pool chemicals, vitamins, heavy metals and many other non-drugs. 21±23 Most of these will not be detected by a comprehensive drug screen, but the patient has ingested or has been in contactwith a substance that has produced an injurious or deadly effect. There is an urgent need for simpler, reliable, low-cost methods for poison detection.
Rapid access to information that will assist clinician and toxicologist should be available for non-pharmaceutical poisonings as well as for medications. 19 A quick differential diagnosis is desirable to help minimize damage and to ensure that adequate treatment is initiated quickly. It is axiomatic that the analyses must be completed in time to be useful and that the results can be interpreted. A poison test, even after a lengthy analysis, can avoid months of fruitless clinical, biochemical and haematological investigations, especially in children. It can be an important consideration in deciding outcome following organ removal from poisoned donors, with attention recently being drawn to possible graft damage caused by some poisons. 24 Knowledge of toxins that have a tendency to cause seizures may also prove invaluable. 25 A broad-based screen can aid in diagnosis and management, 13 exclude other potential diagnoses and more expensive tests, or eliminate the need for further treatment. Moreover, the ®ndings may assist in de®ning the risk of mutagenicity and genotoxicity for the patient. 26±29 Analytical diagnosis is not always simple in questions of poisoning. Every assistance must be solicited. A history is useful, including:
What labelled poisons were in the house to which the patient had access? What is the case history? Is there a suicide note? What poisons are common in the area? Does circumstantial and clinical evidence point to the ingestion of a speci®c poison? Do any of the patient's clinical symptoms ®t the poison, and can appropriate tests be tailored to these signs and symptoms? Can the clinical symptoms be reliably linked to poisons, even multiple ingestions? What is the smell, colour, pH and general appearance of the sample? (Indeed, to look at and smell the urine or stomach contents should be routine for a good poisons laboratory.) What were the speed and intensity of onset? Has the administration of an antidote had an effect on the poisoning? In some instances, use of an antidote may in itself be diagnostic. Can routine biochemistry, the incorporation of external biomarkers, radiography, etc., serve as predictors of poisoning? Do any non-selective assays have value as a ®rst step in prompting speci®c tests? Do the negative ®ndings make a diagnosis of poisoning unlikely, or do the range and variety of indicators used permit poisoning to be excluded de®nitively?
As well as the above, the clinician should be aware of agents that cause signi®cant harm if not detected and treated quickly. Iron and carbon monoxide are two examples of lethal agents that need a high index of clinical suspicion for early recognition and require speci®c tests and speci®c therapy to ensure a good outcome.
It would be highly desirable if the attending physician and/or toxicologist had access to simple, sensitive, rapid and speci®c tests requiring a minimum of equipment and yielding results in minutes ± i.e. spot tests. Analogies in drug screening would be the o-cresol test for paracetamol, the Fujiwara test for chloral, Trinder's test for salicylate, colour reaction using photo-oxidation on thin-layer chromatography (TLC), or even the tetrabromophenolphthalein ethyl ester colour formation test for certain basic drugs. 30±38 Generally, because spot tests lack absolute speci®city, false positives occur much more frequently than false negatives. 8 Conversely, a false negative may result from a number of conditions, including low sensitivity of the method used, binding of the agent or its metabolites to protein or other high molecular weight substances, coupling of the agent or its metabolites with highly adsorptive or reactive compounds, metabolites that react differently to the parent compound, evaporation of, or chemical change in, the poison during processing, masking of colour by other substances present, outdated or unstable reagents, or insuf®cient solvent extraction of the compound. 39 Some of these pitfalls can be overcome by including positive and negative controls in the assay procedure; such controls should be considered mandatory.
The spot tests described here do not constitute complete and unambiguous toxicological screening methods. They are outlined for the purpose of helping to provide a tentative diagnosis in the emergency treatment of acute poisoning. The results of these spot tests must be evaluated with considerable discretion, which generally comes after much experience and insight in toxicological analysis. Table 1 provides a list of dangerous household chemicals. 40±42 Many of these toxic substances have come into common use as a result of the rapid development of new agricultural and pesticide poisons and because of their ease of purchase from large hardware supermarkets. Less than 5% of the poisons in this list will be detected using a routine drug screen.
HOUSEHOLD POISONS

ANALYTICAL PREREQUISITES
Proper provision of biological specimens is necessary for effective poison screening. 10, 43 Collection of specimens should preferably occur before any drugs/antidotes are administered in treatment.
In all cases, collect:
Blood: 5 mL of lithium heparinized blood, 2 mL of blood with sodium¯uoride preservative and 5 mL of blood without anticoagulant. Avoid the use of swabs containing alcohols and heparin containing phenolic preservative. Protect from light and freeze at 20 C after separation of plasma/serum A toxicology request form should be carefully completed and accompany the specimens to the laboratory. Essential information that can be obtained through such a request form includes clinical summary (condition of patient, signs, symptoms), drugs/poisons suspected, current treatment and all drugs administered prior to sample collection. 44
SIGNS AND SYMPTOMS AS PREDICTORS
A careful clinical evaluation using the history, physical examination and the more readily available laboratory tests may allow a tentative diagnosis and initiation of treatment. 45, 46 Clinical ®ndings of importance include altered blood pressure, pulse, respiration and body temperature, the presence of coma, agitation, delirium or psychosis, and muscular weakness. An ophthalmological examination is also important in the acutely poisoned patient. 47 Oral burns or dysphagia may occur following ingestion of any strongly reactive substance, but the absence of oral burns does not exclude the possibility of oesophageal injury. 48 Odours and skin colour may also contribute to the diagnosis. 49 The presence of a particular clinical manifestation may be enough to direct attention toward a particular group or type of poison. 3 Alternatively, it may help to rule out other possibilities. For example, a coma could point to organic solvents, naphthalene etc., rather than strychnine or dieldrin, 25 as long as the vehicle in which it is formulated is not itself an organic solvent (e.g. kerosene or toluene).
Poisons have characteristic effects. 40,42,50,51 Consequently, clinical assessment, accompanied by knowledge of which symptoms are associated with which causative agent, can be used to direct poison screening efforts. 45 Toxins mediate recognizable patterns of symptoms by stimulating an agonistic or antagonistic response at one or more receptors. There are two toxidromes associated with cholinergic poisoning: one caused by muscarinic agonists and the other by nicotinic agonists. Potential toxins causing these syndromes are outlined in Table 2 , together with toxins that have anticholinergic properties and other symptoms.
SPOT TESTS
Routine drug screening requires many analytical tools, such as colour tests, immunoassays, Toxi-Lab (Ansys Diagnostics, Lake Forest CA, USA), TLC, gas±liquid chromatography, highperformance liquid chromatography and/or gas chromatography±mass spectrometry. 2,15,52±55 In non-drug poisoning, however, information obtained from very simple, rapid, invariably colourimetric, and inexpensive screening tests is often invaluable, especially when combined with conventional biochemical screening and routine haematological analysis. 40, 42, 56 A variety of spot tests are summarized in Table 3 . 57±89 They constitute a group of simple chemical reactions requiring limited or no sample preparation which, through their relative non-speci®city, can be used to indicate potential poisons quickly or rule out the presence of select compounds. Prominent are those that would be performed as part of a drug screening protocol and can also be used for the screening of certain poisons. Although tests such as atomic absorption spectroscopy are more de®nitive, a positive result from a relatively non-speci®c test may direct the analyst to more speci®c tests or suggest clinically, this time can be reduced considerably. On most occasions, the poison ingested will re¯ect the clinical condition of the patient. Biological specimens that are highly pigmented, visually contaminated (e.g. with food particles) or proteinaceous may require isolation procedures. Spot tests are then applied to the extracted and concentrated residues. 4 These tests may involve direct colour formation of the sample with added reagent or dissolving the material to be tested in an appropriate solvent. All reagents are stable for at least 3 months when stored at room temperature and protected from direct sunlight.
The most useful methods for initial screening are those that combine two or more major groups of poisons. As with all screening tests, a positive result is presumptive and points towards more speci®c assays. Intuition also plays a role in a general screen.
Essential spot tests
Several toxins require rapid identi®cation. 59, 90, 91 Those discussed here (Table 4) should be offered on an emergency basis. Although symptoms from ingestion of cyanide and iron may appear very rapidly, they may also not manifest for several hours. Further, following carbon monoxide poisoning, the victim may appear normal upon the regression of symptoms, but permanent cerebral damage cannot be excluded. Delay in the appearance of symptoms or the apparent absence of after-effects can give rise to a false sense of security. Treatment with the appropriate antidote is urgent, and can save lives.
HAIR AND NAILS
In theory, hair and nails would appear to be ideal biological indicators since sampling is noninvasive, the medium is inde®nitely stable on storage, and a temporal pro®le of exposure along the hair or nail length is possible. 92±95 Further, trace element concentrations in hair are approximately 10-fold greater than in blood or urine. 96 In practice, however, there are severe limitations on the use of hair and nails as systemic or internal indicators of exposure. It is virtually impossible to avoid external contamination by ubiquitous heavy metals (e.g. lead), and there are no accurate validation techniques for assessing hair cleaning, although this in itself may prove a valid external exposure indicator if not an internal indicator. Hair analysis is useless for thallium because thallium is not incorporated into hair. 93 In addition to methodological hazards, the biokinetics of heavy metals in hair and nails are not understood suf®ciently well to allow their reliable use as biological indicators.
ANTIDOTES
Antidotes, administered after presumptive iden-ti®cation of the poison, can also be diagnostic. 40,42,97±102 For example, the cholinesterase inhibitor physostigmine, when used as an antidote, can reverse toxic anti-muscarinic effects. Table 5 lists some antidotes and protective agents used to treat acute poisoning.
NATURAL TOXINS
Most naturally occurring toxins are very complex and cannot be easily identi®ed by normal laboratory methods. Therefore, the identi®cation of natural toxins and the diagnosis of toxicity may be dif®cult. However, the laboratory has a very important role in the management of these patients. 41, 42, 103 Plants containing cardiac glycosides Patients poisoned by plants containing cardiac glycosides (e.g. foxglove) will have elevated glycoside levels (digoxin, digitoxin); plants containing warfarin will cause an elevation in the prothrombin time.
Plants containing hepatotoxins
Elevations in liver enzymes may be the ®rst manifestation of toxicity caused by plants and mushrooms that contain hepatotoxins. 
Snakes
The snake-bite victim usually dies from a diffuse coagulopathy or renal failure secondary to myoglobinuria. 104 There have been some recent advances in the diagnosis of snake bite in Australia using an enzyme-linked immunosorbent assay 105, 106 to determine the species of snake responsible for the bite. This test has been used in the ®eld and has been fairly reliable. There are no tests currently available for determining pit viper envenomation. Laboratory assessment of coagulation is helpful.
OTHER PREDICTORS
As well as spot tests, clinical information and biomarkers, there are other predictors of poisonings. These include demographic variables (gender, age, race, educational level), calendar season, location (metropolitan or non-metropolitan), exposure to chemicals at work, by students in science or technology classes and so on. 107±111 For example, children aged less than 3 years and boys were most often the victims of accidental poisoning, 112 and the incidence of poisonings was 80% higher during the working hours of the day than during the late afternoon, evening hours or the weekends, the times when both parents are usually at home. 113 With adults, however, the risk of attempting suicide by self-poisoning is greatest in the early evening (20:00±21:00 h), whereas the risk of successful suicide by self-poisoning is greatest during the late morning (10:00± 13:00 h). 114±116
LABORATORY BIOCHEMISTRY
Many routine biochemical tests can provide markers for the presence of poisons and can be helpful in the diagnosis of both acute and chronic poisoning and in assessing prognosis. Laboratory tests should include serum osmolality, electrolytes, glucose and urea and estimation of the anion and osmolar gaps. 45, 117, 118 The electrocardiogram can also provide useful information. 119 As examples, hypokalaemia occurs in barium poisoning, hyponatraemia can result from many causes, including water intoxication, hypocalcaemia can occur in ethylene glycol poisoning and hyperkalaemia or hypernatraemia occurs in iatrogenic, accidental or deliberate overdose with potassium or sodium salts. Metabolic acidosis with a raised anion gap may result from severe poisoning with boric acid, carbon monoxide, cyanide, iron, ethylene glycol, methanol,¯uoroacetates and paraldehyde. 41, 42 Table 6 summarizes abnormal laboratory biochemistry in non-drug poisonings.
Poisoning by substances other than drugs 153 When combined with other biochemistry, these laboratory tests are likely to be even more useful in clinical toxicology. For example, calcium oxalate or hippurate crystals in the urine of a patient with a high anion gap, metabolic acidosis and increased serum osmolar gap will provide a rapid result of great value as an indicator of ethylene glycol poisoning; similarly, increased osmolar gap and anion gap, metabolic acidosis and ocular ®ndings strongly suggest methanol poisoning. 120 Blood glucose is increased after lead or alcohol poisoning and serum uric acid is also increased after alcohol ingestion.
CONCLUSION
Several simple chemical reactions can be used to indicate or rule out the presence of potential poisons. When they form part of, or can be readily adapted from, a routine drug screening protocol, the range of the screen is broadened. These colour or spot tests are direct tests that involve limited or no sample preparation. They can provide at least an initial indication of poisons present or absent, and an uncon®rmed identi®cation of the poison or family of poisons, often within minutes of receiving specimens. A positive result initiates more speci®c con®rmatory tests or suggests the need for further evaluation. 
